Relaxation effects in the non-linear parallel ringing experiments may be explained for all frequency by using the integral of the Leggett-Takagi differential equation for the spin relaxation in supcrfluid 'He.
We may give a reasonable explanation for the overall behavior of nngmg up and down effects appearing in the non-linear parallel ringing of magnetization observed by vV ebb, Sager and Wheatley 11 by means of the integral of the LeggettTakagi21 differential equation for the spin relaxation in superfluid 3 He. Previously Maki and Ebisawa 31 treated the clamping of magnetization ringing generally and Ambegaokar and Levl 1 investigated the dissipative effect of the spin relaxation and pursued the just one whole process of the time rate of change of a non-linear magnetization ringing mode vvith a particular input energy for 3 He-A.. In this work we try to explain an overall behavior of non-linear parallel ringing frequencies versus any input energy both for 3 He-"'-1 and 3 He-B. vVe denote the angle of rotation of the spin vector d (n) in the .r-y plane as 0, which describes a half of the phase difference between the up and dmvn parallel spin amplitude of the Cooper pair. Here n is the unit vector in the momentum space to describe the extension of the orbital part of the Cooper pair wave function. The dipole interaction energy due to the magnetic moments between the pair of 3 He particles is denoted as ED((}). Then the differential equation of the spin relaxation by Leggett and Takagi 21 is given belovY:
Here lc is the Cooper pair susceptibility, X is the true equilibrium susceptibility and r is the spin relaxation time, which is equal to the relaxation time of a normal state quasi-particle at the Fermi energy 51 and is estimated to be about 7 X lo-s sec. 41 We rewrite Eq. (1) as (2) *' Present address: Institute of Physics, University of Tsukuba, Ibaraki 300-31.
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Then the Leggett-Takagi differential equation (2) can be integrated with the result
The right-hand side of Eq. (3) can be integrated by parts in successive ways and Eq. (3) now becomes as follows:
X 86 Xc X dt 86 dt 86 (4) As S2 is of the order of 1.5 X 10 5 (1-T /T.) 112 Hz, where T. is the transition temperature to the superfluid phase, the quantity rSJ is as small as 10-2 and exp (-t/r) is extremely small for the time interval of one period of the spin oscillation, Q-I_ Thus we may keep only the first term in Eq. ( 4) and neglect other terms with an error of at most 1% and a much better approximation as the resonant ringing frequency !2, approaches zero. Now we have the equation
where
and gives the half width of NMR. We integrate Eq. (5) once more to get the energy relation 
By choosing the time interval between t = 0 and t to be one period, T, of the oscillation, the boundary values vanishes and Eq. (8) now reads
We note that the integrand is the function of the dissipating energy h 2 ( t). 
and we have the energy relation 397 (10)
For k(t) <1, we introduce a new variable u=sin e. From Eq. (12), we obtain the following relationship:
Equation (11) now reads by setting aA =TAjQA 2 2 iu(T)
By approximating k(u(t)) in the denominator of the integral with k(u(O)), we obtain
This result is the same as that of Ambegaokar and Levy, 4 ) who calculated dkj dt for one period. The factor 4 appears in Eq. (15), because e traversed twice the interval between -sin-1 k(O) and sin-1 k(O) for one period. Equation (15) is correct up to order a A. By expanding k (0) in Eq. (15), we obtain the result
Equation (14) can be written in the differential equation
I£ we use a new variable z such that u = k (z) z then we obtain 1 dk
We integrate Eq. (18) by replacing z (k) in the denominator of the left- 
hand side by z(k(O)) and add the correction term g(z) due to this replacement:
We choose z = 1 and set k = k (T) in Eq. (19), determine the integration constant, C, by setting a A= 0 and multiply 4 to the right-hand side of Eq. (19) to get the result over one period. g (1) is calculated from the Appendix as follows:
Then we gather these to obtain the result
We expand Eq. (20) for a small value of k(O) and have 
QA Xc
x/xc is derived in Leggett and Takagi's work 2 ) to be given by
where Foa is a Landau parameter and AABM is (rr/ 4) ( (J)/Tc) . We plot the thus calculated values for k (T) as a solid curve in Fig. 1 
by setting Q,=nQAj2K(k(T)).
For k(t) >1, we choose a new variable z=sin8 and use the relationship
Equation (11) now becomes as follows: 
For k(O) ~1, Eq. (27) becomes as follows:
Similarly we write Eq. (25) in the form of the differential equation of the variable z. In this case it is simpler because z has no k dependence:
We integrate Eq. (28) by replacing z(k) on the left by z(k(T)) adding the
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Here we determine the constant, C, by setting a~4 =0, g'(z) =0 and k=k(O). We set z = 1 and k = k (T) and multiply a factor 2 to the right-hand side in Eq. (29), because the one period is twice the interval between z = 0 and 1. g' (1) is given by (A ·10) from the Appendix. Putting these together we hav-e obtained the result
For k(O) )>1, Eq. (30a) becomes as follows and agrees with Eq. (27b). given for z = cosfJ and ,;> z + z as follows:
By writing aB = r B/ QB, we transform Eq. (33) in the form of the differential equation:
We integrate Eq. (34) over z by replacing z (,;) on the left-hand side of Eq. (34) by the ,; independent value, z(,; (1)) and add the correction term g" (z) calculated in the Appendix:
where C is the integration constant and f(z) is given by 
as. 
